A field experiment was carried out at Agronomy Farm of Patuakhali Science and Technology University, Dumki, Patuakhali, from December 2011 to March 2012, to study the effects of nutrient foliar spray on soybean growth, yield and protein content. Soybean variety Shohag was used as the test crop. N, NPK, NPKS and NPKMg were sprayed and applied in the soil at vegetative and pod filling stages. Soil fertilizations were done as recommended dose, and no soil and foliar fertilization were considered as control. Plants were sprayed at the rate of 100 mg/L of water corresponding to each nutrient. The experimental design was a split plot with three replications. Result indicated that nutrient foliar spray, either singly or in combination, enhanced the growth and yield of the soybean as well as protein content in soybean seed, at the two growth stages compared to soil fertilization. However, spraying nutrients during pod filling stage was better than vegetative spraying stage in all characters studied. The highest amount of protein content in soybean seed and grain yield were obtained by spraying NPKMg.
Introduction
Soybean (Glycine max (L) Merr.) belongs to leguminous family ranked as a top oilseed crop, which provides approximately 50% edible oil of the world (Akparobi, 2009) . It has been recognized as an ancient crop plant since the origin of agriculture (Jandong et al., 2011) . Due to the large amount of macro and micro nutrients, it has been considered as a nutritious food for human needs, livestock, industrial and medicinal purposes (Akparobi, 2009) . Soybean seed consists of 18 to 25% oil and 30 to 50% protein.
Protein of soybean seed contains amino acids required for human nutrition and livestock (Raei et al., 2008) . Salwa et al. (2011) stated that soybean is a crop that compensates shortage of oil and protein of other crops. Furthermore, it is a good source for high energy, protein and essential nutrients to human and animals. A successful initiative to introduce soybean in Bangladesh was taken in the beginning of the eighties. At present soybean is not extracted in our country for oil because of lacking industrial facilities and is consumed as food products (soya-milk, soya-meat, soya-flour etc.) and ingredients of animals and poultry feed. Usually, more than 95 % of the total population of Bangladesh cannot afford protein rich food like fish, meat, egg, milk etc. due to higher price and low production. So, as supplement of low cost protein, soybean should be cultivated in more areas which can help to alleviate protein calorie malnutrition of cereal based diet in Bangladesh.
For optimum plant growth, nutrients must be balanced or in other words the soil must have nutrients that are needed for plants (Chen, 2006) . Biological N 2 fixation and mineral soil or nitrogen fertilizer are the main source of meeting the nitrogen (N) requirement of high-yielding soybean (Salvagiottiet et al., 2008) . The mineral nutrition of crops can be supplemented with fertilizer application to soils or foliage (Mallarino et al., 2001) . Fertilization with N, phosphorus (P), potassium (K) and other nutrients can affect yield and many physiological processes, which in turn could influence grain yield and protein concentration (Haq and Mallarino, 2005) . Foliar spraying is a new method for crop feeding, which nutrients in form of liquid are used into leaves (Nasiri et al., 2010) . Foliar application of nutrient elements is more beneficial than soil application. Since application rates are lesser as compared to soil application, and crop reacts to nutrient application immediately (Zayed et al., 2011) . Soybean higher yield and quality as well as its oil could be be obtained by foliar spray of nutrient elements (Vahedi, 2011) . Arif et al. (2006) found that based on soil properties, foliar spraying could be effective 6 to 20 times as compared to soil application. Foliar application could be an advantage for crop growth (SeifiNadergholi et al., 2011) . The objective of this study was therefore to assess the effect of foliar nutrient spray singly or in combinations before flowering and pod filling stages, on the growth, yield and seed quality of soybean.
Materials and Methods
The field experiment was carried out at Agronomy Farm of Patuakhali Science and Technology University, Dumki, Patuakhali, from December 2011 to March 2012 to determine the effects of foliar spray of nutrients on the growth, yield and protein content of soybean seed. Before planting, soil samples were collected from experimental area at 0-30 cm depth. The results of soil analysis were shown in Table  1 . The soybean variety used was Shohag. The experimental design was split-plot having 4 m x 2.5 m plot size with three replications. Each block (replicate) was divided into main plots where growth stages (vegetative and pod filling) and six subplots to which nutrients were foliarly applied as exclusively N, NPK, NPKS and NPKMg at the rate of 100 mg litre -1 of each nutrient were randomly assigned. Soil fertilizations were done as recommended dose and no soil and foliar fertilization in control plot. Nitrogen was derived from Urea, phosphorus from sodium dihydrogen orthophosphate (Na 2 H 2 PO 4 .2H 2 O), potassium from potassium chloride (KCl), Sulphur from Gypsum (CaSO 4 ) and magnesium from hydrated magnesium chloride (MgCl 2 .6H 2 O). Planting of seeds was done on 03 December, 2011 maintain spacing 30 cm x 5 cm. Weeding was done at 2 and 6 weeks after sowing (WAS). Plants were sprayed at vegetative (4 weeks after sowing) and pod filling (8 weeks after sowing) stages as per treatment. Ten selected plants were used to take the data from each plot of each replication. Data were recorded for grain yield, plant height, dry weight of different plant parts, number of pods plant-1 , number of seeds pod -1 and 100 grain weight. The nitrogen concentration in seeds was measured with micro-Kjeldahl method as described by Peach and Tracey (1956) and the seed protein content was determined by multiplying the nitrogen percentage and protein factor using the formula, Protein percentage = Nitrogen percentage x 5.71 (Breese, 1931) . Data collected were analyzed using MSTAT-C program. The means differences among the treatments were compared by least significance difference test (LSD).
Results and Discussion

Effects of foliar spray on plant height and dry matter production
The data presented in Table 2 showed that the foliar application of essential mineral nutrients, either singly or in combinations, was consistently beneficial to soybean growth and development. Similarly, foliar spray during the vegetative and pod filling stages, also enhanced the performance of soybean. This result agreed with the work of Tayo (1981) . Plant sprayed with different nutrient combination generally had significantly higher plant height, higher number of branches, leaf dry weight, stem dry weight and total dry weight than control plants. Plant spraying with NPKMg produced the tallest plant with the highest total dry matter production in both the spraying stages. This could be that Mg is important in chlorophyll formation, resulting in higher photosynthesis and higher leaf growth. Stimulated photosynthetic activity and synthesis of chloroplast and protein which might have resulted in higher dry matter production as reported in soybean crop (Mishra and Agrawal, 1994) . Spraying during the pod filing growth stage led to plants with higher plant height, branches plant -1 , stem dry weight, leaf dry weight and total dry weight than that of spraying during vegetative stage. This was probably due to the fact that all plants had reached the peak of vegetative growth before spraying was done. The fact that spraying during the pod filling growth stage would be ultimately better than spraying at vegetative stage, since the former plants had significantly higher values of all the parameter studied.
Yield attributes and protein of seed
Number of pods: Number of pods plant -1 is an important yield component in soybean and all the foliar spray treatments viz., N, NPK, NPKS and NPKMg increased the number of pods plant -1 at both growth stages (Table 3) . The foliage applied nitrogen and phosphorus at the vegetative stage might have effectively absorbed and translocated to the pods resulting in more number of pods plant -1 . The results obtained by Solaiappan et al. (2002) in redgram are concomitant to the present finding. Foliar spray of these nutrients at pod filling stage of crop growth might have caused efficient translocation of photosynthates from source to sink. However, sprayed with NPKMg during the pod filling stages of growth was higher and significantly different from those plants sprayed during at vegetative stage of growth. The foliar application of nutrients through NPKMg at pod filling stage might have reduced flower drops. This might have significantly increased the number of pods plant -1 as reported by Ganapaty et al. (2008) .
Number of seed pod -1 and seed index: Foliar application of essential nutrients during vegetative and pod filling stages of crop growth significantly influenced the number of seed pod -1 and 100-seed weight (Table 3) . This might be due to better absorption of nutrients applied through foliage leading to better activity of functional root nodules resulting in more dry matter production. This could have lead to more flower production and subsequently pod formation and other yield attributes. The increased 100-seed weight might be attributed to increased mobilization of metabolites to the reproductive sinks. Furthermore, plants sprayed with NPKMg during pod filling stage had significantly the highest number of pods plant -1 and 100-seed weight in respect of sprayed at vegetative stage. 
Grain yield and protein (%) in seed:
Interaction effects of foliar application of different nutrients and growth stages had significant variations in grain yield and protein content (Table 3) . Plant sprayed with NPKMg during vegetative and pod filling stages shown a better performance in grain yield and yield contributing attributes and protein % compared with other treatment combinations. Foliar spraying during the pod filling stage was more effective than during vegetative stage in all the parameters studied, probably because nutrients applied during pod filling were readily used for photosynthesis and assimilates quickly mobilized for grain filing and protein accumulation in grain. The increased yield might be due to enhanced yield attributes like number of pods plant -1 , number of seeds pod -1 , 100-seed weight due to increased uptake of nutrients by soybean by effective translocation of nutrients from sink to reproductive area of crop. Spraying with NPKMg during pod filling stage enhanced yield and protein content of soybean, compared with other nutrient combinations. This agreed with the work of Ashour and Thallooth (1983) . In conclusion, it appears that nutrient spraying enhanced soybean growth, development, yield and protein content and spraying in the pod filling stage is better than spraying during vegetative stage. As for the nutrient combinations, NPKMg appear to give the highest yield and protein content of soybean.
